Introduction
============

Uncorrected refractive errors are estimated to be the second most common cause of blindness worldwide in 2010.[@b1-opth-13-437] They pose an economical burden in terms of contribution to productivity loss with an estimated cost of 121.4 billion international dollars (I\$).[@b2-opth-13-437] The global prevalence of myopia and high myopia was estimated at 22.9% and 2.7%, respectively, in 2000.[@b3-opth-13-437] These percentages increased in 2010 for myopia and high myopia reaching up to 28.3% and 4%, respectively.[@b3-opth-13-437] The growing prevalence rate is concerning, warranting preventive measures to deal with its progression and possible sight-threatening complications.

The global distribution of myopia varies substantially with the highest figures being reported from some East Asian countries.[@b4-opth-13-437]--[@b6-opth-13-437] Although genetics play a role, they alone do not explain the increasing prevalence among younger generations or the higher prevalence among higher education students.[@b7-opth-13-437] Hence, environmental factors are believed to have a major role in myopia etiology. Some studies have found myopic progression to be less among those who have spent more time engaging in outdoor activities.[@b8-opth-13-437]--[@b11-opth-13-437] A randomized clinical trial study found a significant reduction in myopia progression in the intervention group with more outdoor activity compared to the control group.[@b12-opth-13-437] Another study found a reduced incidence rate of myopia with outdoor activity.[@b13-opth-13-437] Results of different studies show contradicting results regarding the association of myopia with near-work activities. However, a meta-analysis study concluded that myopia is associated with near-work activities.[@b14-opth-13-437] Many studies documenting the prevalence of myopia and patterns of increase in prevalence throughout different periods of time and for different age groups mostly covered Asian and Western countries. Unfortunately, there is scarcity in studies addressing myopia prevalence in the Middle East. A meta-analysis study revealed that although the number of cases of blindness due to cataract, which is the prime reason for blindness, has decreased from 1990 to 2010 in the Middle East and North Africa, the cases of blindness due to uncorrected refractive errors have on the other hand increased.[@b15-opth-13-437] Furthermore, uncorrected refractive errors together with cataract were the highest contributors to moderate or severe visual impairment in 2010.[@b15-opth-13-437] However, the study provided that information form Saudi Arabia is scarce. A study done in Saudi Arabia has found that in Aljouf Province, refractive errors are the only cause of visual impairment among primary health care attendants aged \<30 years.[@b16-opth-13-437] A study of two different medical colleges from Hail Province and Riyadh Province has found the prevalence of myopia to be 53.5%.[@b17-opth-13-437] The prevalence of refractive errors was 9.8% among children aged 10--13 years in primary schools of Qassim Province, and 47.5% among the students aged 12--14 years from Alhassa region.[@b18-opth-13-437],[@b19-opth-13-437]

Refractive status has been commonly assumed to be best evaluated for epidemiological reports, among the age at finishing secondary schooling (around 18 years of age), as it is believed that myopia most likely stabilizes at this age.[@b20-opth-13-437] In this study, our aim was to find out the prevalence of refractive errors among health path freshman students of Imam Abdulrahman Bin Fisal university (IAU), Dammam, Saudi Arabia, and to study the relationship between some risk factors and refractive error status.

Materials and methods
=====================

Settings
--------

This is a cross-sectional study conducted in King Fahd University Hospital (KFUH) which is affiliated to Imam Abdulrahman bin Faisal University (IAU). It is located in Al-Khobar, a large city with a population of 573,671 according to the general authority of statistics of Saudi Arabia in 2010.[@b21-opth-13-437]

The Eastern Province of Saudi Arabia has around 12 universities and colleges. IAU is a big government university established in 1975 and includes 21 colleges. It accepts a large number of students each year from all over the Kingdom; however, most of the students applying to the university are from the Eastern Province, including Dammam, Al-Khobar, Alhassa, Qateef, and Jubail. It has \~45,000 students in various specialties including medicine, dentistry, engineering, basic sciences, and so on. Health sciences in the university include the branches of medicine, dentistry, nursing, and applied medical sciences. Prior to getting admission in any of the health sciences group, the students need to have completed the preparatory year of the health path. The health path accepts \~650 students (aged 17 years and above) of both genders every year. At the beginning of the academic year, all students accepted in the health path must undergo a medical screening test at KFHU by taking the best-corrected visual acuity using a Snellen chart, doing some blood works and followed by a medical interview. For the purpose of our study, some additional ophthalmological examinations were added for the students who participated in our study. Only the students accepted in the health path were the target of our study. The sample size was calculated from the total of 650 students based on an assumption that 50% of the total health path students have myopia. Simple random sampling technique was adopted to select the participants from the total students enrolled in the health path.

Exclusion criteria included a history of glaucoma, cataract, corneal scars, retinal disorders, refractive surgeries, previous cataract surgery, strabismus, amblyopia, and recent corneal operations. An informed written consent was collected from each student after explaining the purpose of the study. After filling the questionnaire, they were asked to head to the ophthalmology clinic to undergo the ophthalmological examination.

The questionnaire
-----------------

The questionnaire was structured to assess the possible association of some risk factors with refractive errors. It was adopted from different studies.[@b9-opth-13-437],[@b22-opth-13-437]--[@b24-opth-13-437] Some sections of the questionnaire were customized to fit the study population and the differences in the living environment that may have an impact on quantifying the outdoor and indoor activities. Then, a pilot study was conducted to validate the questionnaire tool.

Questionnaire-based method to quantify near-work and outdoor activities has been widely used by previous studies.[@b9-opth-13-437],[@b23-opth-13-437],[@b25-opth-13-437] All of the questionnaires were filled by the study participants themselves. The questions covered basic information such as the demographic data, which included age and gender, parental refractive error status, personal history of wearing spectacles or contact lenses, and a family history of myopia or hyperopia. The data regarding the average number of hours spent per week on near-work activity were collected from questions based on homework, reading, playing video games, watching television, and use of smart phone, laptop, and computer. The data regarding time spent on outdoor activities were collected from questions about going for a walk or running, picnics, barbeques, going to the beach, bicycle riding, and outdoor sport.

Examination
-----------

All participants, after completing the questionnaires, headed to the examination. Examination was done in the ophthalmology clinic of KFUH by an expert technician. The examination included assessment of intraocular pressure by non-contact "air puff" tonometer, and refraction by non-cycloplegic autorefraction using an autorefractometer (Tonoref II ARK-510A autorefractometer; Nidek Inc, Aichi, Japan). Biometric and keratometric measurements were obtained using IOLMaster 500 (Carl Zeiss Meditec AG, Jena, Germany) and Pentacam HR corneal topography (Oculus, Wetzlar, Germany). The parameters like axial length, anterior chamber depth, and corneal curvature were measured. The same devices operated by the same examiner were used for all the participants.

Definition of variables
-----------------------

Measurements were done for both right and left eyes, and an average of three readings was taken. Refractive error status of the participants was classified based on the spherical equivalent of refraction (SER) value into emmetropia, hyperopia, and myopia. The SER was calculated as (sphere + ½ cylinder). Myopia was considered if SER ≤−0.75 D, emmetropia if SER is between −0.75 D and 1 D, and hyperopia if SER ≥1 D. Myopia was further classified as low, moderate, and severe. Low myopia was defined as SER of −0.75 to −2.99 D, moderate as SER from −3.00 to −5.99 D, and severe as SER ≥−6.00 D.

Data analysis
-------------

Chi-squared tests and independent *t*-tests were used to test the associations among categorical and continuous variables, respectively. We performed a stepwise multiple linear regression procedure to evaluate the relationship between SER and other independent variables. For all the analyses, a two-sided *P*-value of ≤0.05 was considered statistically significant. Data analysis was performed using SPSS software version 25.0 (IBM Corp., Armonk, NY, USA).

Results
=======

A total of 338 students were examined (162 males and 176 females), with a zero non-participation rate. Since SER measurements of right and left eyes were highly correlated (Pearson's correlation =0.9), only the data of the right eye were used for analysis. About 47.9% of the students had myopia (42.6% males and 57.4% females) ([Tables 1](#t1-opth-13-437){ref-type="table"} and [2](#t2-opth-13-437){ref-type="table"}). Among the myopes, 66.67%, 27.78%, and 5.56% were low, moderate, and high myopes, respectively ([Table 2](#t2-opth-13-437){ref-type="table"}). Hyperopes constituted 6.5% and emmetropes 45.6% of the total participants. There was no difference in the prevalence rates of different myopia types between female and male students (χ^2^=1.60, *P*=0.44).

The mean values of SER were −2.40 D, 0.00 D, and 2.32 D for myopes, emmetropes, and hyperopes, respectively ([Table 3](#t3-opth-13-437){ref-type="table"}). It was observed that the mean SER values decreased in both male and female gender students with no history of parental myopia compared to the students with a parental history of myopia ([Table 3](#t3-opth-13-437){ref-type="table"}). As shown in [Table 4](#t4-opth-13-437){ref-type="table"}, axial length and anterior chamber depth measurements were significantly higher in myopes compared to non-myopes, including hyperopes and emmetropes. Other biometric parameters and keratometry results of myopes and non-myopes are shown in [Table 4](#t4-opth-13-437){ref-type="table"}. A multiple regression analysis was run to test if different hypothesized factors, including gender, parental history of myopia, amount of near-work activity, and outdoor activities, can predict SER. The result of regression analysis showed that only 7.9% of the variance is explained by the model and that the model was a significant predictor of the SER (*F* (5,332)=6.7, *P*≤0.001) ([Table 5](#t5-opth-13-437){ref-type="table"}). Gender factor has shown a significant contribution to the model (*β*=0.593, *P*=0.013), as well as the parental history of myopia with one parent and both parents being significant contributors to the model (*β*=−0.926, *P*=0.002 and *β*=−2.433, *P*≤0.001), respectively. Both near-work and outdoor activities have not shown any significant impact on SER while adjusting for other independent variables (*β*=−0.033, *P*=0.20 and *β*=0.00, *P*=0.99) respectively.

When all other variables including total near-work activity, total outdoor activity, and parental history of myopia are adjusted, the mean SER of male gender was significantly higher by 0.59 times (*P*=0.013) compared to female gender.

Discussion
==========

There are several important findings in this study. First, the prevalence of myopia among the college students was about 48%. Second, there was no association between the refractive error status and near-work or outdoor activity.

The prevalence of myopia found in this study was quiet high when compared to other countries. For instance, it was estimated as 32.9% in Turkish medical students, 13% in adolescent Norwegians, 19.7% in young Jordanians, and 34.2% in young Europeans aged 20--24 years.[@b10-opth-13-437],[@b11-opth-13-437],[@b26-opth-13-437],[@b27-opth-13-437] However, our prevalence was less than that reported in high school Chinese students (87.7%), 18-year-old Chinese (72.8%), young Taiwanese men (86.1%), and young Singaporeans (73.9%).[@b28-opth-13-437]--[@b31-opth-13-437] The high reported prevalence has been widely observed in East Asians, which could possibly be explained by the differences in environmental factors among East Asian children compared to Western children, in terms of less time spent outdoors as they are subjected to a more rigorous educational system.[@b25-opth-13-437]--[@b32-opth-13-437] It is important to note that refractive errors were measured without cycloplegia, which could overestimate the percentage of myopia.[@b33-opth-13-437] Myopia overestimation and hyperopia/emmetropia underestimation were observed previously when a cutoff of −0.5 D was used.[@b33-opth-13-437],[@b34-opth-13-437] However, the magnitude of overestimation is unknown when a cutoff of −0.75 D is used. Up to our knowledge, there have been only a few studies that examined myopia prevalence in young Saudis. Algorinees et al used cycloplegic refraction and reported that the prevalence rate of myopia was similar among their medical students (age range 18--20 years) from two different medical colleges, one located in Hail city (north of Saudi Arabia) and the other in Al Kharj city (near to Riyadh, capital of Saudi).[@b17-opth-13-437] Comparable reports of myopia prevalence were also reported by Alsaqr et al, with a percentage of 53.3% among school students of Riyadh, and by Al-Rashidi et al, with a percentage of 53.7% among students of Qassim Medical College (Buraydah city, Qassim Province).[@b35-opth-13-437],[@b36-opth-13-437] In this current study, the most common type was low myopia, making up to 66.7% of myopic students. The same definition of low myopia, with an SER between −0.75 D and −2.99 D, was used by Al-Rashidi et al, and an SER less than or equal to −0.5 D was used by Alsaqr et al with the same finding.[@b35-opth-13-437],[@b36-opth-13-437] However, Algorinees et al, who also used the same definition for moderate myopia found that moderate myopia was the most prevalent among their participants, which might be attributed to the age range of their participants as they included older participants reaching the age of 27 years.[@b17-opth-13-437] This trend toward a more myopic shift among students with increasing age has been observed in other studies.[@b29-opth-13-437],[@b37-opth-13-437] High myopia specifically necessitates the adaptation of prompt measures, owing to the fact that it leads to vision-threatening conditions such as myopic macular degeneration, choroidal neovascularization, and myopic glaucoma, hence determining its prevalence is crucial. In this study, high myopia, defined as an SER ≤−6.00 D, was found in 5.6% of the participants. This prevalence was found to be less than that reported among Chinese college students (19.5%).[@b37-opth-13-437] However, our results were comparable to the studies conducted in Saudi Arabia (8.04% vs 10.2%).[@b17-opth-13-437],[@b36-opth-13-437]

In regard to the prevalence of myopia among male and female participants, no significant difference was observed in this study, similar to that reported in Turkish students.[@b11-opth-13-437] However, the mean SER value of male gender was 0.59 times higher (*P*=0.013) than those of the female gender. Similarly, males have exhibited a more hyperopic SER in other studies.[@b10-opth-13-437],[@b29-opth-13-437] In agreement with previous studies, parental myopia was a significant factor contributing to the occurrence of myopia.[@b11-opth-13-437],[@b38-opth-13-437] Parental myopia was sometimes interpreted as an evidence for a genetic role; however, as there is growing evidence for the greater influence of environmental factors, it remains difficult to explain the complex interactions between environmental and genetic factors in myopia.

The possible association between near-work activity and myopia can be explained on the basis that increasing amount of near work done can consequently increase accommodation, which in turn could potentially cause myopia. However, evidence from animal studies on experimental myopia has shown that accommodation is not an influencing factor.[@b39-opth-13-437],[@b40-opth-13-437] Another explanation for the link between education and myopia was proposed as follows: during near work, accommodative lag results in a hyperopic defocus which might stimulate the eye to grow, considering that imposed hyperopic defocus in animal models was found to be a strong stimulus for the eye growth.[@b41-opth-13-437],[@b42-opth-13-437]

Multiple studies have shown an association of near work with myopia. For instance, a longer axial length was used as a substitute for myopia and was found to be associated with a longer time spent studying indoors.[@b43-opth-13-437] Furthermore, for each additional 1 hour on writing/reading and computer work outside of school, odds of myopia increased by 24% and 16%, respectively.[@b10-opth-13-437] A meta-analysis study on the association of myopia with near-work activities had found that the odds of myopia increased by 2% for every diopter-hour spent on near work per week, where diopter-hour was defined as (3\* reading +2 \*computer use +2 \*video games in hours per day).[@b14-opth-13-437] In this study, we did not find a significant association between myopia and amount of near work performed after adjusting for other factors. It should be noted that there is no universal definition for near work, and hence quantification of near work may vary and so might the results. Although a questionnaire-based survey for quantifying near work has been the main method used by most previous studies, it is prone to have recall bias in terms of recalling previous time spent on various near-work activities besides its possible inability to detect individual differences.

Outdoor activity has been investigated by some researchers for the possibility of a protective effect from myopia progression. Some of them did not find an association, while some found only a weak association.[@b22-opth-13-437],[@b38-opth-13-437] A 3-year cohort study by Lin et al did not find a protective effect of outdoor activity.[@b24-opth-13-437] Similarly in our study, we could not demonstrate a significant association between outdoor activity and myopia. Nevertheless, a significant association has been reported by multiple other researchers.[@b9-opth-13-437],[@b10-opth-13-437],[@b23-opth-13-437] Two clinical trials have demonstrated promising results with one showing a significant reduction in myopia progression in the intervention group and the other showing a reduced incidence rate of myopia with outdoor activity.[@b12-opth-13-437],[@b13-opth-13-437] Furthermore, an interventional study showed a significant reduction in myopia onset with outdoor activity during class recess; however, they did not find a significant retardation of myopia progression among myopes with or without atropine treatment.[@b44-opth-13-437] A recent meta-analysis has concluded that increased outdoor activities is effective among non-myopes in regard to myopia onset and myopic shift, but not for myopic progression among myopes.[@b45-opth-13-437] It has been proposed that the protective effect of outdoor activity is achieved through the increased release of the retinal transmitter dopamine.[@b9-opth-13-437] This theory has been proposed based on the findings of experimental myopia, where dopamine was found to exhibit a protective effect against eye growth.[@b46-opth-13-437]

Failure to find a significant association between myopia and outdoor activity could be attributed to the method used for measuring the outdoor activity, in which our case was a survey questionnaire. Alvarez et al conducted a study to evaluate questionnaire-based method in reporting accurate data on light exposure with the help of a wearable light sensor. They found inconsistent reports of light exposure compared with what is recorded by the sensor.[@b47-opth-13-437]

Study limitations
-----------------

Although a validated questionnaire was used and this was the main method adopted by previous studies, the study could be limited by the difficulties of quantifying the amount of outdoor and indoor activities. In addition, because all of our study participants were from the health path, who are expected to spend more time in near work and less time outdoors, variations among them are expected to be less evident, and a significant association between outdoor or indoor activities and myopia is less likely to be found. Moreover, the use of non-cycloplegic refraction could give a slightly higher myopic reading with a mean of 0.17±0.52 D when the definition of ≤−0.5 is used for defining myopia.[@b34-opth-13-437] Nevertheless, we adopted a different definition for myopia, −0.75 instead of −0.5, which has been adopted by some previous studies as well.[@b11-opth-13-437],[@b48-opth-13-437],[@b49-opth-13-437] Yet, the effect of this change is not known and is not supported by evidence. Moreover, cycloplegia was done in one Saudi study which reported the same percentage of prevalence as our study. The study participants were exclusively from the health path and so are more likely to have myopia compared with a natural population-based study done with cycloplegia, but unfortunately there is not such a study in Saudi Arabia to compare our results with.

Conclusion
==========

In this cross-sectional study, a high prevalence of refractive errors was found among Saudi freshman students of IAU. Myopic students were more likely to report a history of parental myopia. Near-work and outdoor activities did not have a significant effect on the SER.
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###### 

Distribution of participants among different variables (n=338)

  Variables                         n        Percentage   
  --------------------------------- -------- ------------ ------
  Gender                            Male     162          47.9
  Female                            176      52.1         
  Wearing glasses/contact lenses    Yes      134          39.6
  No                                204      60.4         
  Parenteral myopia                 None     265          78.4
  One                               61       18           
  Two                               12       3.6          
  Follow-up for refractive status   Yes      66           19.5
  No                                272      80.5         
  Refractive error                  Myopia   162          47.9
  Hyperopia                         22       6.5          
  Emmetropia                        154      45.6         

###### 

Gender distribution among different levels of myopia (n=162)

              Males N (%)   Females N (%)   Total N (%)
  ----------- ------------- --------------- -------------
  Myopia                                    
   Low        49 (30.2%)    59 (33.5%)      108 (66.7%)
   Moderate   17 (10.5%)    28 (15.9%)      45 (27.8%)
   High       3 (1.9%)      6 (3.4%)        9 (5.6%)

###### 

Mean values of spherical equivalent refractive error by parental history of myopia and types of refractive error in male and female students

  Characteristics        Male   Female                                                       
  ---------------------- ------ -------- ------ ------- ------- ----- ------- ------ ------- -------
  Total                  162    −0.82    1.90   −1.11   −0.52   176   −1.44   2.31   −1.79   −1.10
  Parental history                                                                           
   None of the parents   130    −0.62    1.64   −0.90   −0.33   135   −1.13   2.22   −1.51   −0.76
   One of the parents    27     −1.30    2.16   −2.15   −0.44   34    −2.30   2.31   −3.10   −1.49
   Both parents          5      −3.48    4.10   −8.57   1.62    7     −3.27   2.41   −5.50   −1.03
  Refractive errors                                                                          
   Myopes                69     −2.40    1.63   −2.79   −2.01   93    −2.85   2.26   −3.32   −2.39
   Emmetropes            79     0.00     0.37   −0.08   0.09    75    −0.11   0.31   −0.18   −0.04
   Hyperopes             14     2.32     1.41   1.51    3.14    8     2.48    1.44   1.28    3.68

**Abbreviation:** SER, spherical equivalent of refraction.

###### 

Mean levels of keratometry and biometry measurements in myopes and non-myopes (n=338), right eye (non-cycloplegic)

  Parameters                                Myopes Mean ± SD   Non-myopes Mean ± SD   *P*-value
  ----------------------------------------- ------------------ ---------------------- -----------
  Keratometry (diopter)                     43.12±1.38         42.93±1.3              0.210
  Axial length (mm)                         24.39±1.14         23.2±0.85              ≤0.001
  Lens thickness (mm)                       567.67±31.3        565.41±34.84           0.53
  Anterior chamber depth (mm) (IOLMaster)   3.19±0.27          3±0.3                  ≤0.001

###### 

Summary of regression analysis for variables predicting SER (N=338)

  Variables                       *β*-value    SD      *P*-value   
  ------------------------------- ------------ ------- ----------- -------
  Constant                        −0.79        0.35    0.03        
  Gender                          Male         0.59    0.24        0.01
  Sum of near work, h/wk          −0.03        0.03    0.17        
  Sum of outdoor activity, h/wk   0.000        0.03    0.99        
  Parental myopia                 One parent   −0.92   0.29        0.002
  Both parents                    −2.43        0.61    0.00        

**Abbreviation:** SER, spherical equivalent of refraction.
